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Thne results of measurements of cosmogenic radionuclides in the
Peace River and Harleton chondrites are reported. Activity ratios of
short- and long-lived nuclides are compared with ratios observed iu

other freskoly-Tallen meteorites. Lorng-term temporal ccnstancy of ine

cnstancy of cosmic

o~

cosmic-ray flux is indicated and Ias

0
O
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]
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rediation throughout meteoritic crbits is supported. The eleven-year
solar cycle does not appear 10 nave had any significant efiect on
activities with half-lives on the order of a year or longer, such as

M’nsl'r and Ha22. The ectivities are compared with thick-terget bombardments

which indicate that the pre-atmospheric size of Harleton was stzller than

that of the Peace River, Bruderneim, and Ehole metleorites.
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Long-lived radionuclides such as Beio, C*g, Alae, Cl36, Mn”3, znd Ni59
have been extensively studied in ircn and stone meteorites during the

last few years (Eonda et al., 1961; Suess and Wanke, 1962; Goel and Kohman,

1563; KXohmen and Goel, 1963; Rowe et al., 1963; Xaye, 1963; Honda and

Arnold, 156%; Cressy, 1964). These investigations have increased imowledge
of the relative productions of these nuclides under different sizielding
conditions, suggested long-term temporal constancy of cosmic radiation,

ané provided a means of ca¢culating long terrestrial ages, and occasicnally
short cosmic-ray exposure ages.

Freshly-fallen meteorites, because of their short-lived radionuclide
contents, provide unique opportunities for direct comparisons cff
production rates Dy cosmiec rays and by artifical bombardments. These
comperiscons can lead to better determinetions of the spatial and temporal
constoney of cosmic raciation, meteorite shielding, terrestriel zcs, and
exposure ages.

d snorv-lived radicnuclides in freshly-

B
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Previous measurements of long-

fallen meteorites have been summarized by Honda and Arncld, (1964); Piremen

et al., (1963); end Davis et ax., (1953). This paper reports en extensive

investigation of cosmogenic radionuclides in the Peace River chondrite

along with results from the Earleton chondrite which were reporied in

prelimizery form at the 43rd annual Azerican Gecphysical Unicn Meeting, 1962.

Tae Pcace River chonérite fell March 31, 1963, in Alverts, Cazada. It

5 & gray cuondrite which apparently belongs to the Urey-Craiz low-iron

’Jv

group. Seven fragments totaling 49 kg were recovered. 4 descriptiion of

its fell and recovery is given by Folinsbee and Bayrock, (196k}. e received
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2 number of pieces through the courtesy of Dr. Folinsbee in May 13CC.

v

Experimentzl Procedures

The semple fragments were ground to vpass an &0 mesh sieve, and the

from tne solution, and the chloride puriried by ion-exchange and sublimation.
Pne insoluble residue was brougnt into solution, after coxbining with the

ke

cowder, 412 grams, was leached with not dilute .'cﬁ\TOs. AgCl was collceted 1
52{03 filtrate above, by successive treaurents with HF, H,50;, E"-ZQS, and HCL. {
After an aliquot was taken for chemical analysis, carriers for Be, Sc, and

V were added. Te was extracted into etzer. Co was separated by axion

exchange from 9M HCl. V and Ti were collected by extraction of their

cupferrates into chlorofoim, followed by precipitation of Ti(OH))_L with

N2OH. After purification of the Ti, Sc’ ' was allowed to grow to eqalllbrlum,

and scandium was separated from the titanium and purified. Be, AL, Sc, Cr,J J

and Mn hydroxides were precipitated from the meteorite solutlion witsn
I\IHL.(OH + E505. These nydroxides were dissolved in E\’O3 and MnO, was precipitated

with HaBr0,. Al, Be, and Sc hydroxides were collected from the ciaromate
o

solution, and then BalrO, was precipiteted. Al, Be, and Sc were sizperated by
cation exchange. NiS was precipitated from the first NH)+OE filtrate, along
with some MnS. Mn was separated Ifrom X1 witk 3€aBrO3 in E\IO3 and combined with

the vrevious MeO. fracticn. For details of the chemical separations and specific
- 2 - - .

elexent purifi ations see Cressy, (1G6*). Ni, Mo, Al, znd Ti chenical ylelds were



determined from snclysis of the aliguot, while the otner yields were vased

on 2 chemical analysis of the Peace River chondrite (Basdsgeard et ai.,

196k ).
Tnhe counting apparatus and tecaniques have been described elscwaere

(Cressy, 1964; Shedlovsky end Kaye, 1963). 4120 vas determined by
Ponliodhodiat VR

coincidence counting of the positron aninilation r ation. Garma
spectrometry was used Ior measuring Mnsl'r and 0056’57’58. A gas-Iilled
x-ray proporticnal counter wes used to measure V', Crot, Mad3,5%, £o36,57,58,
and Ni%9. Low-level Geiger counters were used 1TO measure Belo, C136, Scl'*l'r
miltked from T'uh, Scks, VAS, and 0060. 3210 ana Cl36 were recycled to
ik

2

constant specific activity while decay curves were determined for Sc

Sczfs, ena V0.

Results and Discussion

mzpble 1 lists the results cbiained Tor the Peace River and Zarlaton
chondrites along with data from cther leborstories. In addition,; data

primerily from Honde and Armold (1564) on two other chondrites ol recent

fall axe given for compariscn.
Cur Pecce River and Harleton resulis are generally very similar except
~ 53 r 35 + P 3 < o N .
for Cr-—, hn)3, and Mh5L; the Peace River Sc:‘r6 result and our Harieton
60 : . o T 3
Co°Y valiue, altnough well determined, seem anomously high. The lower

values in Forleton indicate that it was a small body in space. Talcek-

target borbardments of mock stone meteorites show similar broad buiid-up factors



for Crot end 24:151‘ production. Taesc are msximized at ~ 35 and~~ T5 g/cm2

deptns for 1 and 3 Gev protons respactively (Shedlovsky and Reyudn, 1963).
Although the errors are large, the Crsl, }&153, and Mn5“" values of Pecace .
River, Bruderheim, and Enole relative 10 Harleton are all close Lo 2, the
¥Mn”3 ratios being somewhat lower. This strongly suggests that ol these
four meteorites, Harleton had the smallest pre-atmospheric size, and that
the small recovered Enole fragment came fram & larger body. It Is to

be noted that the iron content of Ehole is ~30%, whereas in Peace River,
3ruderheim, end Harleton it is ~ 22.5% in each case. Since Mn53 and MaSH
in a meteorite are produced mainly Irom the iron, the normelized ratio
Ezole/Harieton is ~1.6 for these nuclides, with & feirly large standard
deviation. Thais normalized value (nreglecting the large uncerd
well with thc Peace River/Harletcsn &nd Traderneim/ Barieton ¥n23 ratios, but

Ly

is appreciably lower tnen these mcteorite rziios 1n the case o M-, Tais

K3

suggests that the Ma23 production roximum may oe brosder then tizt of Mn5)"’,
and that e Enole fragment was exposed in 1ts pre-atmospheric tuly Lo 2
less well developed nuclear cascade than were the Peace River and Bruderheim

samples.
The agreement between the taree seis of Harleton results is gretifying
LR« 60 “ 36 o3 ho) > hag e he
except for Co . Our CLY” results on Jeace River and Herleton are iower
limits as they represent only the leachable echloride bvefore decomposition
cf the silicate mairix. .

A long term factor-of-two temporal constancy of cosmic-ray intensity

has been proposed by several investigato

rs primarily as & result of comparisons




of specific activities in the Aroos iron meteorite with predicted activity

levelz {Arnold et al., 1961; Geiss et al., 1962; Honda and Arnold, 1964).

Comparing a given meteorite activiity wita a predicted production rate
presunes taat the effect of meteorite shielding is known. The prcblem of
shielding can be elimirated by studying an activily ratioc in waich the
shielding eifects are similar for both nuclides. Tailck-targel toxbardments
heve shacwn that production rates of most products from iron decrease
exponentially with depth with the same slope (Honde, 1962; Shedlovsky and
Reyudu, 196k). Low-energy products, such &s Mn5h, Mn52, and Crsl)show
‘broad build-up factors at the Ifronl of the target followed by the same
exponential decrease. These experiments predict that the production ratio

-

- fan 54 s . . - o .
of }223/1n%% should be nearly ccnstant witn depth in a meteorite.

In Teble 2, ectivity ratios for & number of radionuclides in racently
fallen meteorites and predicted ratiocs from thick-target bombarcicoiis are
glv;“. Tae Peace River and Harletcn ratios are derived from our Lita

except wuere noted. The ratios for 3Bruderneim and Ehole are teken Irom

Honda and Arnold, (1964) except as noted. Specific activity ratics were

calcuiated only in cases where the two activities were measured in the same
meteorite sample.

The weighted average of the X *5-' MoS% meteorite velues in Toble 2 is
0.9% = .08, in good agreement with the predicted ratio. To the extent that

the 1:1 preficted production ratio is correct, the recent cosmic-ray Tlux

is the same as the flux averaged over the lest few milliocn years, thne




ives of 23 and MaS% veing 2 x 100 ¥y and 314 & respectively. It

o

hall
should be noted that the Mno¥ activity could be affected by the ll-year
solar cycleyetsitmeasurements of the Ma%3/Ma* ratio, in five meteorites

(including the Aroos iron with & ratio of 1.09 + 0.15, reported h+ Honda

end Arnoid, 1964) having individual activity levels that vary by a factor
of ten, is remarkably constant. It eppears that the solar cycls eflect,
at least from 1958 to 1963, within which period the five meteorites—<Sell,
was virtually negligible.

Ancther possible nuclide pair for itae stuly of temporal comstancy of
cosmic radiation is 4126 (t% = 7.4 x 10% y): Na2@ (t% = 2.58 y). Tne
activities of these nuclides have been measured in a nuﬁber of meteorites

;
end the A126/Ma?2 ratio in six of the eiznt measurements is constant at
0.7. The situation is complicated by tne fact»that these two nuclides
depend :o.different extents on seversl target atoms for their prcduction,
A126 being produced primarily from silicon'(5i28(p,2pn)) while Fac® is

produced from both magnesium (Mggh(p,Qpn)) and silicon (5128(p,kp3n).

Thick~target bombardments of simulated stone meteorites show similar

Na22 depth dependences from magnesium and silicon. This plus the essentially

constant silicon and magnesium contents of stone meteorites indicates

that the Nace

production rate should be virtually independent of chemical
composition.. Because of the similarity in nuclear reactions involved, tkhe
A126 depih dependence is expected t0 be similar to that of Haeg. Thus it

is reasonable to expect the Alaé/ﬂaaz acti%ity ratio to be comsic_¢ in

stone meteorites.

It A Seeln




If the results of previous investigations plus the agreement between
the predicted and observed Mn53/z~.n/l' and 5126 l\xa activity ratios can be

ns indicative of temporal constency off cosmic radistion, tioen the

+nlra

el

!:1

guestion or the spatial constaney of coszic radiation can be studied.
Convenient nuclide pairs are vh9 (t1 = 330d): VO (%1
2 2

‘-O o - ol = -~
vig. oot (ty = 27.88), M7 crot, ar3

co”! (t1 = 2704): 056,58 (

g vl L
2 2‘ 2
discrepancies can be esteblisned between tne ratios in a number of

meteorites and the predicted ratios, from sombardment data for example,
then spatial fluctuations of the cosmic-ray intensity may be indicated.
Unusually nigh ratios of short-lived to long-lived nuclides in a given
meteorite nay be caused by sclar flare protions.

Tie Ar37/Ar39 activity ratic has received the greatest atfentdion to

Gate (Dovis et 2l., 1963; Firemern et al., 1963). Z2ight measurements of

this ratio in Tive stone meteorites have given values between 1.0 and 2.3

1o be comzared wzth zeasured proa tion ratios which vary from 2.1 =t the

surface to 1.2 at SOg/cm deptn. Davis et al. (1963) conclude that the

cosmic-ray intensity at several astronomicel units from the sur is within
15% of tiae intensity at the earth's orbit. Tnls conclusion is sap§orted

-
by A:37 +39 measurements on the separated metal phases of the Haricton

(Fircmen erd DeFelice, 1964). The &4r3

te more constant in the iron vhase, since calecium, which varies by &



factor of two in abundance in lhe stcme paase, contributes significantly :
i

to the production of Ar3T. The observed activity ratios of C.S and 0.9 o
. . {

respectively in the Harleton and Peace River metal phases are in good ;

agreement with the experimental value or 0.8 from proton bombardments i

of ircn targets.

I7 the above conclusion of toe general spatial censtaney ol ccamic-

ray flux over meteoritic orbits is valld, tken the other nuclide ratlos

previcusly listed should bear this out. The V9 V8, v*9/cr5L, and MnS*/CrSL

ratios for Peace River, Harleton, and 3ruderheim are all reasonably '

constant, having weighted averzges of 0.97 + 0.1, 0.18 £ 0.03, srd ' é

0.76 = 0.12 respectively. Comparison witk the expecited ratios zre good
f=]

(€)Y
\n
[ea)

for tue m454'0“5l and, to a lesser exteny,; Co57/C05 cases, and within
a Pactor of two for the most of the VA9/V#8 and Vilfg,/Cr51 measurements.
Pyrthner measurements of all of these ratios in freshly-vallen mesteorites

re needed belfcre one can answelr the quest;on of spatial constancy of
cosmic rediation. The trend however is in agreement with the mcre precise
Ar37/Ar39 measuréments and supports the spatial constancy of cosnic
radiation over meteorite orbits.

Recovered samples of artificial earth satellites have yielded both

rediosctive and stable nuclides. E3, He3, &r37, CoST, Agi06, Xel27, ana

~

c
~
3:205 pave been observed in Discoverer satellites orbited for a few days

(Fireman et 2., 1961; 1963; Stoenner and Davis, 1961; Wasson, 1§6L; 1962;

Keith ond Turkevich, 1962; Schaerffer and Zidpringer, 1962). ®3, P32, Ar3T,




f S 1 = fond &
48,5 Sit 7,5 < .
Scﬁé o 9, crot, ¥n?t, Fe?3, 0076’5"53, rave been measurcd in a

fregment of Sputnik 4 orbited for 843 days (Szedlovsky and Keye, 1983;

DeFelice et al., 1963; Kormerer et cl., 1962; Rowe et al, 1964; Wacson,

1564). Tne production of such nuclides in satellites is attrivuted to &
combination of solar flare protons, galiactic cosmic-rays and Vou filen

s not ccuplctely

b

protons. The effects caused Dy these various protons
resolved.
Tre irradistion of meteoriies by the above sources &t present is best
understood for galactic cosmic~-rays. Tne erfect of solar flaxcs on
e S 4 3 - 37 “')9 - 3 1 TTe L ~ ] » e
meteorites is still ambiguous. Ar /AAD ~atios in Hamlet and Zhcle, both

of which Tell Tollowing a solar flare (Davis et al., 1963) ,were high.

Eowever, the errors of the measurenents for this ratio in the meteorites
and the vombardments overlap, leaving the guestion in doubt. The ratios
in Teble 2 Tor Hamlet and Enole mfortunately are nov srecise enouza 1O

show & Tlare effect; it would be surprising to see an effect w +h Fed2

-y
Pote
-y

in any event, because of its relatively rong rpalf-life. No measurements
of sufficiently short-lived radionuclides in these two meteorites nave
been reporited; there are indications however that the 0056:58 activities

were enhanced in the Hamlet meteorite (4. Turkevich, private coarmrmication).

o

During thze next several years the solar activiiy should be increesing,

>

afZoréing & better opporiunity To observe solar flare effects on Ireshly-

Tfallen meteorites.
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